This paper investigates the factors that determine differences across OECD countries in health outcomes, using data on life expectancy at age 65, over the period 1960 to 2007. We estimate a production function where life expectancy depends on health and social spending, lifestyle variables, and medical innovation. Our first set of regressions includes a set of observed medical technologies by country. Our second set of regressions proxy technology using a spatial process. The paper also tests whether in the long-run countries tend to achieve similar levels of health outcomes. Our results show that health spending has a significant and mild effect on health out-comes, even after controlling for medical innovation. However, its short-run adjustments do not seem to have an impact on health care productivity. Spatial spill overs in life expectancy are significant and point to the existence of interdependence across countries in technology adoption. Furthermore, nations with initial low levels of life expectancy tend to catch up with those with longer-lived populations.
Introduction
The last few decades have witnessed rapid growth in health expenditure. From 1960 to 2007, health care expenditure in OECD countries increased, on average, from 3.8 per cent to 9.0 per cent of GDP. Considerable attention has been given to understanding the factors that have produced such growth. This includes looking at the relationship between health spending and income, and reviving economic theories linked to the low productivity of the health sector, such as the Baumol (1967) cost disease theory. An alternative explanation for the rise in health spending is that over time people tend to demand and obtain higher quality of health care (Skinner et al., 2005) . There continues to be a live discussion on whether, ceteris paribus, higher health spending corresponds to better health outcomes. A number of empirical studies support the hypothesis of a ‡at curve of health care expenditure, namely that more spending does not have a signi…cant impact on health outcomes (Fisher et Other studies, for example the work by Baicker and Chandra (2004) , even …nd a negative correlation between health quality measures and health spending. Jones (2002) formalizes and empirically tests a model where health expenditure and life expectancy are endogenous variables driven by technological progress. He …nds little association between changes in life expectancy and changes in health expenditure (as a share of GDP) in the US. However, interestingly enough, the author also …nds that a large fraction of the increase in health spending over time is driven by medical advances. Hall and Jones (2007) estimate an health production function for the US that relates age-speci…c mortality rates to health spending and technology. Their …nding support the theory that the rising health expenditure relative to income occurs as consumption of non-health goods and services grows more slowly than income. As people get richer and saturated with non-health consumption, they become more willing to devote their resources to purchase additional years of life. Skinner and Staiger (2009) develop a macroeconomic model of productivity and technology di¤usion to explain persistent productivity di¤erences across US hospitals. Focusing on US Medicare data, they …nd that cost-e¤ective medical innovations explain a large fraction of persistent variability in hospital productivity, and swamp the impact of traditional factor inputs. Additionally, they argue that there is a clear polarization in health care productivity between hospitals that usually tend to adopt less technology, the so-called "tortoises", and those that traditionally adopt more technology, the "tigers". Survival rates in low-di¤usion hospitals lag by roughly a decade behind high-di¤usion hospitals.
That technological progress has an important impact both on health outcomes and spending is well known. Medical advances allow ill people that could not be treated in the past to be cured today. In some cases, technology progressively reduces the cost of treatments. For example, in the case of acute myocardial infarction, new technologies have the characteristic of being less invasive, ultimately reducing hospital stays, rehabilitation times, and health costs. The less invasive coronary stents delivered percutaneously, as well as drug eluting stents, are gradually taking over bypass surgery. Using US data, Cutler and Huckman (2003) examine the di¤usion over the past two decades of percutaneous coronary interventions to treat coronary artery disease. They …nd that percutaneous coronary interventions improve health productivity, especially when substituting more invasive and expensive interventions such as coronary artery bypass graft surgery. In recent years, pharmaceuticals such as statins were dispensed for prevention, proving to be e¤ective in reabsorbing atherosclerotic plaques and hence reducing the need for angioplasty, and the associated costs. We refer to Moise (2003) for further discussion on how technological change a¤ects health expenditures. This paper models di¤erences across OECD countries in health productivity as a function of traditional factor inputs, life styles conditions, technological progress. In our empirical exercise we …rst explore available data on medical technology to explain health productivity in the OECD countries. However, given the paucity of the data and the di¢ culty in measuring medical technology at the country level, we assume that technology is unobserved, and proxy for it by means of a spatial process. Our set-up is similar to that proposed by Ertur and Koch (2007) and Frischer (2010) , where we allow technological progress in a country to be related to the technology adopted by neighboring countries. That technology may show a geographical pattern is well known in the economic literature (see, for example, Keller (2004) ). In the medical literature, a consolidated body of research supports the important role of interpersonal communication and social networks in the di¤usion of medical technologies (see, for example, the classic di¤usion study by Coleman, Katz and Menzel, (1966) ). We refer to Birke (2009) for a survey on the role of social networks in explaining individual choices in a large variety of economic, social and health behavior. Communication and information sharing may occur not only within national boundaries, but also across countries through social interaction in conferences, training or visiting programs, or the publication of results from clinical studies involving medical technologies. For example, Tu et al. (1998) demonstrated a strong correlation between the publication of studies on the use of a particular technology in the prevention of stroke and the corresponding rates of utilization in the US and Canada. They show that utilization rates increased dramatically between 1989 and 1995 following the publication of two in ‡uential clinical studies demonstrating the e¤ectiveness of the procedure. Thus, international spill overs resulting from foreign knowledge and human capital externalities may impact technological progress in one country. In a recent paper, Papageorgiou et al. (2007) study the impact of a set of measures of international medical technology di¤usion on health status, concluding that technology di¤usion is an important determinant of life expectancy and mortality rates. Spatial interdependence in the adoption of medical technology may also occur if one country strategically mimics neighbouring health policies, for example by adopting the same vaccine to prevent the di¤usion of a contagious disease. Similar policies may be adopted in neighbouring countries on the basis of new clinical evidence (e.g., from international multicenter studies) available to them.
Our model allows us to test a number of hypotheses. One important question is whether factor inputs still have an impact on health care productivity after having controlled for technological progress. This has important policy implications on the allocation of resources to the health sector. If, as some studies suggest, factor inputs are no longer e¤ective in improving health outcomes, then policy makers may decide to focus on reforms aimed at improving the e¢ ciency of the health sector. For example, a nation could argue against further hospital expansion or recruitment of more specialists in over-supplied geographical areas. Another research question is whether there exist signi…cant spatial spill overs in medical technology adoption across countries, and how these in ‡uence health outcomes. Finally, we wish to test if health productivity tend to converge to the same level in the OECD countries. Put it di¤erently, our aim is to explore whether countries that started with lower health outcomes in the long-run catch up with countries that initially had higher levels of health outcomes. Failure to reach such convergence may call on institutions such as the World Health Organization, or the European Community to implement policies to help countries with persistent low health productivity.
The plan of the paper is as follows. Section 2 presents the empirical model. Section 3 brie ‡y reviews the literature on the determinants of life expectancy. Section 4 presents the data. Section 5 summarizes our empirical results, and points to some of the limitations of our study. Section 6 gives some concluding remarks.
The health production function
Let h it be a measure of health outcome in country i = 1; 2; ::; N at time t = 1; 2; ::; T . We assume a simple Cobb-Douglas production function in physical capital and labour
(1) where a it is the level of medical technology in country i at time t. L it and K it represent labour and capital inputs per capita in the health sector in country i at time t. The variable K it includes tangible assets such as building and equipment for the health care sector that may be accumulated for example using resources allocated from the rest of the economy.
In our framework, medical innovation a it includes all treatments, procedures, and devices that may be used to prevent, diagnose, and treat health problems. Following Ertur and Koch (2007) , and Frischer (2010) , we assume that these technologies are driven by the following spatial process:
where i denotes a country-speci…c e¤ect, d t denotes a time-speci…c e¤ect, w ij are elements of a known N N spatial weights matrix, which is row normalized, i.e., P N j=1 w ij = 1. The time-speci…c coe¢ cients capture the stock of medical knowledge common to all countries, while the individual-speci…c e¤ects capture heterogeneity at the country level.
The parameter measures the strength of interdependence in medical technological innovation between neighbouring countries. We assume that 0 < 1. The parameter describes the strength of home externalities generated by physical capital accumulation.
Substituting (2) in equation (1) we obtain
To get rid of the spatial lag of technology, we subtract the spatial lag P N j=1 w ij ln h jt from both sides of equation (3) to obtain
Following Skinner and Staiger (2009), we use total per capita health expenditure as a proxy for the a bundle of factor inputs, rather than capital and labour, separately. As a measure of health outcomes we focus on life expectancy for males at age 65. This is measured as the average number of years that a male person at age 65 can be expected to live assuming that age-speci…c mortality levels remain constant. This can be considered as a summary of the mortality conditions at this age and at all subsequent ages. By focusing on life expectancy for males at age 65, we aim at eliminating the heterogeneity in life conditions, gender di¤erences existing at the country-level that may a¤ect the analysis of general mortality rate, or life expectancy at birth.
The coe¢ cient attached to the spatial lag in equation (4) measures how the health outcome in one country is correlated with health outcomes in neighbouring countries due to technological di¤usion. However, we realize that observed similarities in health outcomes could also be the e¤ect of other factors, both observable or unobservable, that in ‡uence health outcomes and that are correlated across countries (Manski, 1993) .
In the next section, we provide a brief survey of the determinants of life expectancy.
3 A brief review of the determinants of life expectancy Shaw et al. (2005) look at the geographical patterns in life expectancy at age 40 and 65 (for both males and females) across 19 OECD countries in 1997 as a function of income, health and pharmaceutical expenditures and a set of risk factors temporally lagged. They …nd that health spending has a positive in ‡uence on the dependent variable, thus, …nding evidence against the hypothesis of a ‡at cost curve. They also …nd that pharmaceutical expenditure has a positive e¤ect on life expectancy both at middle and advanced ages, though this e¤ect changes when one controls for the age distribution of the population. They construct a set of measures of ‡ows of medical R&D originating from advanced economies and directed to the so-called "non-frontier" countries. The authors conclude that technology di¤usion is an important factor in explaining variations in the long-run averages of life expectancy and mortality in "non-frontier" countries. A di¤erent approach in studying life expectancy is taken by Hall and Jones (2007) . The authors develop an economic model that explains the evolution in the value of life and its relation with health spending. They calculate the marginal cost of saving a life at di¤erent ages and over time in the US, and …nd that its growth over time may explain the observed rise in health spending.
Data and empirical speci…cation
From the discussion in Section 2, we adopt the following empirical speci…cation
where h it is life expectancy for males at age 65, and i and d t are country-speci…c and yearspeci…c e¤ects. The variable hexp it is total per-capita health expenditure, 1 and ln h it and ln hexp it are the spatial lags of ln h it and ln hexp it . We used a weights matrix based on the inverse distance expressed in kilometers between countries. Other geographical metrics can be used such as economic proximity or similarity and social proximity (e.g. Baicker, 2005) .
We gathered data on 25 OECD countries observed over the period 1960 to 2007. 2 This rich data set contains over 1200 variables, including various measures of health status, health care resources and utilization, health spending and …nancing. Drawing from this data, we incorporate in the regression a number of variables to control for di¤erences across countries and over time in lifestyles. Speci…cally, we consider three important variables related to lifestyle, given by daily fat intake, alcohol and tobacco consumption (see Table 1 for a description). Further, we include social expenditure for old people, de…ned as all bene…ts and …nancial contributions to support the elderly during circumstances which adversely a¤ect their welfare. We note that the variable social spending is only available for the years 1980 to 2005. Both health expenditure and social expenditure are expressed in per-capita terms and have been adjusted for purchasing power parity. We recognize that other factors, such as body weight and education may a¤ect life expectancy (Deaton and Table 1 shows some descriptive statistics on the variables included in the model. We observe that our data set is highly unbalanced; in particular the sample size drops signi…cantly when the variable social expenditure is added to the regression. 5 Empirical …ndings However, it is important to observe that populations are not ageing uniformly in all nations. Australia and Japan experienced particular strong gains in life expectancy over time, placing them at the top of the ranking in recent years. In contrast, countries from Eastern Europe, such as Hungary and the Slovak Republic show the lowest values for life expectancy throughout the sample period. According to the OECD (2009) health report, the gains in life expectancy registered in the OECD countries can be explained in part by a marked reduction in death rates from heart disease and celebro-vascular diseases (stroke) among elderly people. Figure 2 reports the time series patterns of life expectancy for the OECD countries. Note that, towards the end of the sample period, life expectancy patterns in most countries tend to get closer. Only …ve countries diverge substantially from this trend and show a low life expectancy throughout the sample period. These are Hungary, Slovak Republic, Turkey, Poland and the Czech Republic. Later in the paper, we will test whether in the long-run countries tend to achieve similar levels of health outcomes. Figure 3 shows the plot of the average life expectancy at age 65 and average health spending across countries for the period 1969 to 2007. As expected, both series trend up (as also con…rmed by our non-stationary tests reported in Table 4 below). Life expectancy shows a stable increase over time, while health spending seems to rise more rapidly at the beginning and at the end of our sample period. This initial exploratory analysis indicates the presence of geographical concentration of the variable life expectancy at age 65, which will be incorporated in our empirical model. It is also suggested by the economic theory discussed in Section 2.
V a lu e s o f H E A L T H E X P L I F E E X P & H E A L T H E X P
First, we discuss the estimation results of our production function using some observed measures of medical technology available at the country level. Table 2 presents a set of technology variables for the treatment of problems of the cardiovascular system, which are known to be the leading cause of morbidity and mortality in older adults (OECD, 2009). These variables are the number of percutaneous coronary interventions (PCI), the number of coronary bypass and stents placed on patients with cardiovascular problems, the number of daily doses of lipid modifying and beta-blocking agents. We gathered these variables from the OECD Health Data 2010.
The …rst two technologies have been used by Cutler and Huckman (2003) to study the impact of technology di¤usion on health productivity in New York state. Moise (2003) has also studied the mechanisms of di¤usion of these procedures in the OECD countries, showing that the most important determinants of their utilization are GDP and hospital characteristics such as technology regulation and payment methods for hospitals and physicians. Coronary stents represent perhaps the most important improvement to PCI since the mid-1990s. Lipid modifying and beta-blocking agents are drugs aimed at preventing and treating cardiovascular disease (Dickson and Jacobzone, 2003) . We note that bypass surgery, widely di¤used prior to the early 1980s, is an invasive procedure that has been progressively substituted by the less traumatic coronary stents delivered percutaneously. With the exception of bypass surgery, the technology variables we have chosen have the characteristic of being minimally invasive and less costly than existing technologies for which they are often substitutes.
It is important to note that these technologies are only a subset of all possible technologies that may adopted to prevent, diagnose, and treat health problems for people aged over 65. We refer to Hobijn (2009, 2010) for an extensive discussion of existing medical and nonmedical technologies. Most of these variables are available only from 1990, and even then, only for a few countries. 4 Table 2 shows the number of observations per technology variable. Cons. of beta-blocking agents (2) 278 -0.045 0.247 (1) : expressed in n. procedures per 100,000 population (in-patients). While aware of these data limitations, Table 3 explores the role in the production function of each technology separately, given that the presence of missing values prevented us from building a composite index of medical technology. The reported regressions do not include the spatial lags of life expectancy, due to their high correlation with the technology variables, as reported in Table 2 . Further, time dummies have not been included due to the little variation over time of our variables, caused by data limitations. For comparison purposes, we also show a regression with no technology variables (see column I). Note that, when including our observed measures of innovation, the sample size drops signi…cantly.
Under the classic FE speci…cation, health spending has a signi…cant impact on life expectancy. All technologies except for coronary stents have a positive and signi…cant impact on our health outcome. Further, the coe¢ cient attached to health spending is signi…cant, ranging from 0.059 when the variable measuring consumption of beta-blocking agents is included in the regression, to 0.264 in the case of technology coronary stents. Again the latter number is based on a fewer number of observations and should be interpreted with caution. Among the lifestyle variables, consumption of tobacco is statistically signi…cant with the correct sign in all regressions except for the one with Statin, where it is positive but insigni…cant. Consumption of alcohol has a negative but statistically insigni…cant e¤ect on life expectancy in all regressions except for the one with beta blockers, where it is negative and signi…cant. Fat intake has a negative and signi…cant e¤ect on life expectancy in the FE regression, but is positive and insigni…cant in most technology variable regressions. Again this may be due to the number of observations lost due to the paucity of these technology variables. We now turn to the estimation of our production function keeping technology unobserved, as outlined in model (5) . This allows us to expand the sample size considerably.
Our exploratory data analysis suggested that both life expectancy and health spending may be non-stationary raising some concern on the validity of our OLS estimates (Engle and Granger, 1987) . Table 4 reports the Pesaran (2007) CIPS panel unit root tests on our variables. The low power of country by country test is one of the major motivation for the use of panel unit root tests. A Monte Carlo exercise reported in Baltagi et al. (2007) has shown that CIPS test is quite robust to the presence of spatial dependence as explicitly modeled in our framework. The output provides evidence of non-stationarity for all variables, both when an intercept only is included in the speci…cation or when an intercept and a trend are included. The results are obtained including 3 lags in the ADF regressions 5 . Non-stationarity of life expectancy is justi…ed by the declining mortality pattern for the elderly. According to the UN-World Bank Population database, life expectancy on average for men at age 65 is likely to be 18.1 years in 2040 in the OECD countries (see also Hendricks and Graves, 2009) .
Note that all variables except for fat intake and social expenditure for old people are stationary when …rst di¤erences are applied. We have also computed a CIPS statistic for the spatial lag of the variable life expectancy, namely ln h it . Given the non-stationary nature of ln h it , we verify whether applying the spatial operator may render the dependent variable stationary. However, the CIPS test does not reject the null hypothesis, thus indicating that ln h it is non-stationary. Next, we checked whether our variables are cointegrated, by computing the Pedroni (1999) parametric group t-statistic to the residuals from a regression of life expectancy on its spatial lag and on the variables provided in Table 1 . Table 5 reports the estimation of model (5) and the Pedroni (1999) and Kao (1999) cointegration tests. As noted by Beenstock and Felsenstein (2010), if variables are cointegrated, the OLS estimator for regression parameters in (5) is superconsistent, regardless the endogeneity of the spatial lag ln h it appearing on the right hand side of the equation. For this reason, there is no need to use spatial techniques such as IV or ML, to deal with the endogeneity of ln h it . We refer to Stock (1983) for further details on super-consistency of the OLS estimator. As a further check, in Column (II) we report estimation of (5) also by the IV approach, where instruments are given by the spatial lags of the included regressors (Kelejian and Prucha, 1998) , and the temporal lag of the spatial lag, namely ln h it 1 . Results show very similar coe¢ cients to the OLS estimates (Column I). Both Pedroni and Kao cointegration tests reported are signi…cant, suggesting the existence of a long-run economic relationship between health productivity, expenditure, the lifestyle variables and social spending for the elderly. In the last column of Table 5 (Column (III)) we also report the dynamic …xed e¤ects estimator of the long-run coe¢ cients and of the error correction term (Pesaran, Shin, and Smith, 1999) . Results con…rm the signi…cant e¤ect of health spending on the dependent variable, as well as the presence of a sizeable spatial e¤ect. Speci…cally, a one percentage increase in health spending induces a rise of 0.03-0.05 per cent in life expectancy on average. This corresponds to almost an extra half year of longevity. All risk factors show, as expected, a negative e¤ect on the dependent variable. A rise of 1 per cent in annual tobacco per capita consumption implies a reduction in life expectancy of around 0.04-0.06 per cent. This corresponds to over a half year reduction in longevity on average. As for fat intake, a 1 per cent increase in per capita consumption reduces the dependent variable by 0.07-0.09 per cent. This is almost one additional year of life expectancy, on average. One may argue that life expectancy in a country is a¤ected not only by the current level of resources deployed in the health sector, but also by what has been allocated in the past. Hence, as a robustness check we have also tried including in our regression the average of health spending over a pre-speci…ed interval of time. Speci…cally, in (5) we have replaced ln hexp it with the variable ln hexp it = P n s=0 ln hexp i;t s , where we have set n equal to 4, 9 and then 14 years. Results for the static …xed e¤ects estimation are reported in Table 6 . Comparing these results to those in Table 5 , the in ‡uence of health resources spent over a given period of time on life expectancy is similar to the impact of current level of health resources. Having established the existence of a cointegration relationship, we now turn to the estimation of the following error correction model
where in the parenthesis we have the previous period cointegration relation. The coe¢ cient measures the speed of adjustment of life expectancy to a deviation from the long-run equilibrium relation between the dependent variable and the regressors. Again, we estimate the above model using 30 countries followed over 49 years. For estimation, we adopt an IV approach, where, again, instruments are given by the spatial lags of the included regressors (Kelejian and Prucha, 1998) , and the temporal lag of the spatial lag, namely ln h it 1 . In this case, we drop from the regression ln hexp it as it is highly correlated with ln h it . Results are reported in Table 7 . The variable health expenditure is statistically insigni…cant, suggesting that short-run adjustments in traditional input factors do not have an impact on health care productivity. 6 There is also further evidence of high degree of spatial correlation suggesting that the adoption of technologies in a country is mostly driven by the adoption of the same technologies in neighbouring countries. While short-run adjustments in risk factors are statistically insigni…cant, ‡uctuations in social expenditure for the elderly seem to play a role in explaining life expectancy.
As previously observed in the descriptive data analysis, some Eastern European countries, at the beginning of our sample period are characterized by low life expectancies. We wish to test whether these countries in the long-run continue to experience low levels of life expectancy, 6 We have also checked the sensitivity of our estimates by removing one country at a time from the sample. The coe¢ cient estimate of health spending varies very little. The only exception is when we remove the United States. In this case, the estimated coe¢ cient of health spending increases from 0.035 to 0.05 for the FE speci…cation. This indicates that the US exerts an in ‡uential set of observations in these regressions because the US is characterized by low longevity accompained by high health expenditure levels (Preston and Ho, 2009). or instead tend to catch up with the remaining countries. We do this by checking whether there exists beta convergence in life expectancy in the OECD countries (Barro and Sala-i-Martin, 1995). An empirical observation of beta convergence would suggest that countries tend to achieve similar levels of health outcomes in the long-run. In order to do this, we regress the average growth rate of life expectancy over the period 1975 to 2006 on the initial level of life expectancy. Hence, our dependent variable is Table 8 , Column (I). In Column (II) we also control for health expenditure in the initial period, while in Column (III) we include the spatial lag of life expectancy in the initial period to control for technological interdependence.
The estimated coe¢ cient of ln h 1975 in Column (I) is negative and signi…cant, suggesting that countries with a lower initial level of life expectancy have a faster health care growth than those with a higher initial level of life expectancy, and that they all converge to the same steady state. A similar result is obtained when controlling for initial level of health spending, as well as technological interdependence. 
Concluding remarks
This paper studied the spatio-temporal variations in health productivity using panel data on life expectancy (at age 65), in the OECD countries, over the last three decades. We have estimated a production function where life expectancy depends on health and social spending, lifestyle, and medical innovation. The latter has been approximated by means of a set of technology variables such as percutaneous coronary interventions, and also using a spatial process. Our results show that health spending does have a signi…cant but mild e¤ect on health outcomes, even after controlling for medical innovation. However, its short-run adjustments do not seem to have an impact on health care productivity. One lesson to learn is that strategies aimed at reducing public resources in the long-run may contribute to slower improvements in life expectancy of the elderly. Our study …nds the presence of sizeable spatial spill overs in life expectancy, con…rming the interdependency in technology adoption across countries. It also …nds that in the long-run countries tend to achieve similar levels of health outcomes. It is interesting to observe that countries that initially have low levels of life expectancy tend to catch up with those with higher longevity, and that the initial levels of expenditure and medical technology do not a¤ect the longrun growth in productivity. It is important to emphasize that our results should be interpreted with care, due to data limitations, and given the complexity of the phenomenon and the limited set of variables included in our analysis.
